Digital television (DTV) broadcast services have been available in many countries for years. The DTV reception is becoming an alluring feature for applications in mobile devices and vehicles. Several standalone DTV antennas have been reported [1][2][3][4][5]. A folded dipole antenna with stubs to cover the upper-edge frequency at 710 MHz is studied in [1] as vehicle antennas. In [2], an earpiece cord is utilized as the DTV antenna for mobile phones. Two asymmetrical dipole antennas with a step-shaped [3] and an L-shaped [4] feed gaps for DTV reception in the 470-806 MHz band are demonstrated. The broadband operation in [3, 4] is obtained by combining the one-wavelength and the half-wavelength resonant modes. These designs, however, can not cover the entire 470-862-MHz UHF band of broadcast TV channels in most regions of the world [5], which are required by specifications in industry. In this Letter, we introduce a new roddipole antenna capable of wideband operation in the 470-862 MHz band for DTV reception. By incorporating a modified feed into the conventional rod dipole, good impedance matching over the first higher-order mode excited close to the antenna fundamental resonant mode, can be achieved. The two resonance can form a wide band of above 60% bandwidth (3:1 VSWR) centered at 666 MHz. In addition, with the retractable dipole-arm structure, the antenna is able to be stored away when not in use. When the antenna is in use, the retractable rods are very flexible to tilt for better signal reception and polarization.
Introduction
Digital television (DTV) broadcast services have been available in many countries for years. The DTV reception is becoming an alluring feature for applications in mobile devices and vehicles. Several standalone DTV antennas have been reported [1] [2] [3] [4] [5] . A folded dipole antenna with stubs to cover the upper-edge frequency at 710 MHz is studied in [1] as vehicle antennas. In [2] , an earpiece cord is utilized as the DTV antenna for mobile phones. Two asymmetrical dipole antennas with a step-shaped [3] and an L-shaped [4] feed gaps for DTV reception in the 470-806 MHz band are demonstrated. The broadband operation in [3, 4] is obtained by combining the one-wavelength and the half-wavelength resonant modes. These designs, however, can not cover the entire 470-862-MHz UHF band of broadcast TV channels in most regions of the world [5] , which are required by specifications in industry. In this Letter, we introduce a new roddipole antenna capable of wideband operation in the 470-862 MHz band for DTV reception. By incorporating a modified feed into the conventional rod dipole, good impedance matching over the first higher-order mode excited close to the antenna fundamental resonant mode, can be achieved. The two resonance can form a wide band of above 60% bandwidth (3:1 VSWR) centered at 666 MHz. In addition, with the retractable dipole-arm structure, the antenna is able to be stored away when not in use. When the antenna is in use, the retractable rods are very flexible to tilt for better signal reception and polarization. Fig. 1 shows the proposed antenna for DTV reception. The antenna comprises two symmetrical dipole arms of the same size (diameter 3 mm, length 120 mm when the antenna is in use) and a modified feed (the antenna feeding portion). The modified feed is etched on a single-layered, 0.8 mm FR4 substrate. With the overall dipole length selected, the antenna can generate a fundamental (0.5-wavelength) resonant mode at about 530 MHz to cover the lower-edge frequency (470 MHz) of the DTV band. However, to attain wideband operation and include the upper-edge frequency at 862 MHz, additional resonance is needed. When a U slit is inserted in the feeding portion to replace the simple straight feed gap, the excited surface currents round the antenna signal port are perturbed. Null currents no longer occur round feed points A, B for the second (1-wavelength) resonant mode of the dipole. The effective resonant path is lengthened, which in turn lowered the operating frequency of the 1-wavelength resonance. This 1-wavelength mode can be manipulated by the U-slit length and used as an additional resonance that is excited close to the antenna fundamental mode. By choosing a proper value of d (that's, to adjust the slit length), wide bandwidth above 60% can easily cover the DTV reception in the 470-862 MHz band.
Antenna Design
A photo of a prototype design is shown in Fig. 2 . The modified feed divides into two portions: a small strip and a large polygonal section. The dipole arm 1 is soldered to point L on the large section; the dipole arm 2 is soldered to point R on the small strip. This configuration allows the FR4 substrate to be concealed inside the plastic casing of good aesthetic appeal. In this scenario, only the two retractable rods are seen protrude from the casing and are also flexible to tilt for better signal reception and polarization (see industrial-design photos of a massproduction sample in Fig. 3 ; the two arms can also be in V shape). Fig. 4 shows the measured return loss. The impedance matching for frequencies across the 470-862 MHz band is all within VSWR of 3 (better than 6 dB), which covers both DVB-H band [2] and channels 14-69 [6] for DTV reception. The studies on the corresponding centre-fed dipole antenna with a feed gap of 3 mm were also conducted. The results (not shown for brevity) indicate that the achievable bandwidth is only about one-fifth bandwidth of the proposed antenna, which is far from covering the desired bandwidth. Fig. 5 gives the measured 3-D radiation patterns for the antenna at 666 MHz, the centre frequency of the 470-862 MHz band. The radiation characteristics were obtained using ETSLindgren OTA test system in the CTIA authorized test laboratory. It can be seen that similar omnidirectional radiation patterns to those of the conventional centre-feed dipoles are obtained. Other frequencies in the bands of interest were also measured, and no appreciable difference in patterns was found. The measured peak antenna gain is in the range of 1.0-3.2 dBi and radiation efficiency exceeds about 70%.
Experimental Results and Conclusion
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